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SMARTransmission

Introduction

Comprehensive study of the transmission needed in the Upper
Midwest to support renewable energy development and transport
that energy to consumers within the study region.

» Obijectives

» Develop Extra High Voltage (EHV) overlay alternatives to
support Federal and State energy policies and goals.

» Conduct reliability analysis to recommend technically sound
solutions to integrate EHV transmission into the existing
transmission system.

» Conduct economic analysis of the solutions identified in the
technical analysis to ascertain the benefits of EHV transmission to
the study region.



SMARTransmission

Project Sponsors

» Electric Transmission America, LLC (ETA)
» American Electric Power (AEP)
» MidAmerican Energy Holdings Company (MEHC)

» American Transmission Company (ATC)
» Exelon Corporation

» MidAmerican Energy Company (MEC)
» NorthWestern Energy

» Xcel Energy




SMARTransmission

Project Contractor

»Quanta Technology

» Independent consulting arm of Quanta
Services

» [0+ professional staff, with many
Industry-renowned experts

»Headquarters in Raleigh, NC. Regional
offices in MA and CA



SMARTransmission

Key Drivers
» Multi-Regional Transmission Focus

» Consistent with Federal, State, and
Local Energy Policies and Goals

» Technical and Economic Based
Alternatives

» Project Sponsors’ Steering Committee
» Open and Transparent Process
» Stakeholder Input



SMARTransmission

Overview
> Phase One

» Develop performance metrics
» Develop alternatives
» Perform Steady State Analysis
> Identity top performers
» Phase Two
» Develop Societal Benetfits Metrics

» Perform Security Constrained Economic
Dispatch

» BEvaluate top performing alternative

» Provide final ranking



Phase One Study

Assumptions

» Study Time Frame
» 20 years into the future
» Summer peak cases - 2029, 2024, & 2019
» Shoulder load cases - 2029, 2024, & 2019
» Study Area

» North Dakota, South Dakota, lowa,
Nebraska, Indiana, Ohio, Illinols,
Minnesota, Missouri, Wisconsin and
Michigan

» Annual load growth
» Range from 0.85% to 1.4%



Phase One Study

Assumptions (Continued)

» Wind Generation

» Known generation in RTO/ISO queue
Included

» Allocated based on Federal and State
guidelines and assumptions

» 20% contribution during on-peak hours and
90% contribution during off-peak hours

» Non Wind Generation additions/Retirements
» Known generation in RTO/ISO queue included

> Known retirements



Renewable Energy Requirement by State for |

Base Wind 2029 (Assumptions Continued)
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Approximate Wind Locations and
Theoretical Cut Sets for Power Flow

Incremental Power Exports and (Imports) by State and Power Flow across
Theoretical Cut Sets for 2029 Base. Future
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Phase One Study

Futures

> Base Generation Future

» High Gas Future

» Low Carbon Future

Plant retirements — Coal plants =40
years old and = 250MW
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Phase One Study

Sensitivities

» Higher than forecasted load growth
» Lower than forecasted load growth
» High Wind capacity

» Low Wind capacity

» High wind import and export SPP
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Phase One Study

Transmission Overlay Alternatives

» Eight Conceptual Alternatives
» 1 —345kV
» 2 —345kV & 765 kV
» 5-765kV

> Simulation Models
» On Peak
» Off Peak

» Run Contingencies and Update Alternatives
» Generation Futures

> Sensitivities
» Wind Models

> Score and Rank Alternatives
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Phase One Study

The Selected Transmission Overlay Alternatives
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Phase One Study

The Selected Transmission Overlay Alternatives

2029 Revised Conceptual Alternative 5 - 765 kV
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Phase One Study

The Selected Transmission Overlay Alternatives
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Phase One Study

High Level Summary
High Level Summary Alt 2 Alt 5 Alt 5A

Total Structure miles of 345 double circuit lines 4,409 80 80
Total Circuit miles length of 765 lines 3,950 7,773 7,066
Number of 765/345 kV Transformers 21 40 40
Number of River Crossing lines 5 8 8
HVDC Underwater Cable Circuit miles 64 91 91
HVDC Overhead Cable Circuit miles 200 0 385
Number of 345 kV new buses or connection to

existing buses 34 5 5
Number of 765 kV new buses or connection to

existing buses 32 46 44
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Phase one Study

High Level Summary
Line Costs in Millions of Dollars Alt 2 Alt5 Alt 5A
Estimated Cost for 345 kV Lines $9,053 $158 $158
Estimated Cost for 765 kV Lines $10,705 $21,066 $19,149
Total Cost Transmission Lines $19,758 $21,224 $19,307
Transformers Costs
Estimated Cost of 765/345 kV Transformers $445 $848 $848
Estimated Cost of 230/345 kV Transformers $7 $7 $7
Total Costs Transformation $452 $855 $855
Network Substation/Station Costs 345 kV $472 $59 $59
Network Substation/Station Costs 765 kV $552 $879 $853
Total cost $1,024 $938 $912
River Crossing line costs $35 $56 $56
HVDC Costs $1,427 $1,281 $2,500
Shunt Reactors $1,115 $1,413 $1,205
Total Estimated Costs $23,811 $25,767 $24,835
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tudying renewable energy path to market

Phase One Study

Sequencing of Alternatives (Alt 2)
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tudying renewable energy path to market

Phase One Study

Sequencing of Alternative (Alt 5)
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Phase Two Study

» Socletal Benefits Evaluation
» PROMOD Analysis
» Security Constrained Economic Dispatch
» Develop Societal Benefits Metrics
» Evaluate top performing alternative

» Provide final ranking
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Next Steps

» Issue the Final Report — Third Quarter 2010

» Submit the results to Midwest ISO, PJM,
SPP and MAPP for their review and

appropriate approvals

» Study Sponsors committed to work with
RTO’s/ISO’s as they evaluate the plan
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Manzar (Manny) Rahman
merahman@aep.com

614-203-3594
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